Turkey's energy consumption has grown and will continue to grow along with its economy. Energy demand of the country is growing by 8% annually, one of the highest rates in the world. Turkey has very limited oil, natural gas and hard coal reserves. Turkey is currently heavily dependent on imports to meet its energy demand because of limited domestic energy resources. Lignite is the country's most important domestic energy source. Turkey has approximately 10400 million tons of lignite and 1300 million tons of hard coal reserves. This paper analyzed the structure of coal consumption over the past three decades in Turkey using the information of relevant researches and the published statistical data, and also analyzed the changing trends in the energy consumption structure, to provide some reference for the development of energy in Turkey. This work has attracted considerable interest because the subject of coal energy and its effect in the daily lives of people maintains a keen interest. The paper examines entirely new areas of coal energy research, summarizes recent trends, and discusses the most important current methods used to produce coal fuels.
INTRODUCTION
Turkey, the 17th largest economy in the world, is an emerging country with a buoyant economy challenged by a growing demand for energy (Balat, 2009a) . Energy demand of Turkey is growing by 8% annually, one of the highest rates in the world (Kilic, 2005) . The country's energy consumption has grown considerably since the beginning of the 1980s. It has more than tripled in the past 30 years. With regard to the overall energy sector, the country's primary energy consumption increased from 32 mtoe (million tons of oil equivalent) in 1980 to 78.9 mtoe in 2000 and subsequently decreased to 73.9 mtoe in 2001 (Turkish Ministry of Energy and Natural Resources, 2010) due to a devastating financial and currency crisis. Turkey consumed 106 mtoe in 2007 (Electricity Generation Co. Inc, 2009) , accounting for approximately 1% of the world's primary energy consumption. Projections to 2020 indicate that Turkey's energy demand will increase significantly. It is projected to more than double over the next decade.
Like many other developing countries, Turkey is heavily dependent on fossil fuels to meet its energy requirements. During the period 1980-2007, the share of fossil fuels in Turkey's primary energy consumption has increased from approximately 71.5% (~22.9 mtoe) (Turkish Ministry of Energy and Natural Resources, 2010) in 1980 to 91% (96.5 mtoe) in 2007 (Electricity Generation Co. Inc, 2009 ). Comparing energy resources and reserves of Turkey with those of the world: coal, geothermal and hydro resources are around 1%, whereas oil and natural gas resources are at the present knowledge negligible (Yilmaz, 2006) . Energy demand particularly oil and natural gas necessity is growing rapidly for social and industrial development of the country. Turkey will certainly play a significant role in the world's energy sector during the first decades of the 21st century (Sözen and Nalbant, 2007) Recent studies have investigated availability, production, demand, planning and utilization of energy sources in Turkey (Yuksel, 2008; Comakli et al., 2008; Bascetincelik et al., 2009; Camdali, 2010; Ozturk et al., 2009; Yilmaz, 2009 ). This paper analyzed the structure of coal consumption over the past three decades in Turkey using the information of relevant researches and the published statistical data, and also analyzed the changing trends in the energy consumption structure, to provide some reference for the development of energy in Turkey. In addition, this paper explores the future role of coal in Turkey's energy mix.
The socio-economic impacts on a local economy arising from providing power through coal resources instead of conventional generation technologies are very important. These impacts include direct and indirect differences in jobs, income, and gross output. There are significant socio-economic impacts associated with investment in a new power plant, including increases in employment, output, and income for the local and regional economy. Increases in these categories occur as labor is directly employed in the construction and operation of a power plant, as local goods and services are purchased and utilized. This work has attracted considerable interest because the subject of coal energy and its effect in the daily lives of people maintains a keen interest. The paper examines entirely new areas of coal energy research, summarizes recent trends, and discusses the most important current methods used to produce coal fuels.
AN OVERVIEW OF TURKEY'S ENERGY PROBLEMS
Turkey is currently heavily dependent on imports to meet its energy demand because of limited domestic energy resources. 74% of the country's energy consumption derives from imported fossil fuels. Currently, 97% of the country's natural gas demand, 93% of oil demand and 20% of coal demand is met by imports (Electricity Generation Co. Inc, 2009 Energy and Natural Resources, 2008) .
If the present trends continue, the country's dependency on imports to meet the energy demand will increase from 74% in 2007 (Electricity Generation Co. Inc, 2009) to about 80% in 2030 (Turkish Ministry of Energy and Natural Resources, 2008) . It can be said that Turkey will come face to face with a very serious energy crisis in the future because of increasing prices and procurement problems. This case clearly shows the great importance of adequately active and widespread use of domestic energy sources.
TURKEY'S COAL POTENTIAL, PRODUCTION AND UTILIZATION
Coal in Turkey formed during the carboniferous geologic period, 360 to 286 million years ago (Hacisalihoglu et al., 2009) . Coal has played a key role as a primary source of organic chemicals as well as a primary energy source. It may become more important both as an energy source and as the source of carbon-based materials, especially aromatic chemicals in the 21st century (Demirbas, 2007) . Coal in Turkey has many important uses, but most significantly in electricity generation, steel and cement manufacture, and industrial process heating. In the developing world, the use of coal in the household, for heating and cooking, is important (Balat, 2007a; Balat, 2010) .
Coal is a major fuel source for Turkey. Turkey has approximately 10400 million tons of lignite (7th largest in the world) and 1300 million tons of hard coal reserves (Electricity Generation Co. Inc, 2009). Turkey has only 0.1% of world hard coal reserves and 1.5% of world lignite reserves (Yilmaz, 2009) . Lignite has the biggest share in Turkey's primary energy production at 45% (Hacisalihoglu, 2008) . Around 40% of Turkey's lignite is located in the Afsin-Elbistan basin of southeastern Anatolia (Balat, 2006) . However, about 57% of the lignite reserves are of low calorific value, below 1500 kcal/kg. Better quality lignite of over 3000 kcal/kg only accounts for 7% (Demirbas, 2001 ). The regional distribution and the average properties of Turkish lignite coal are given in Table 2 (Dumanli et al., 2007) . The distribution of reserves is as follows: Turkish Coal Enterprises (TKI) 30.9%, Electricity Generation Co. Inc. (EUAS) 41.9% and Private sector 27.1% (Yilmaz, 2008) . The hard coal is mostly located in the western part of the country, in the Zonguldak Basin. Average net calorific value is 6000 kcal/kg (Inaner, 2006) . The hard coal reserves of Turkey are approximately 82% that they have coking character (Balat, 2006) . Energy and Natural Resources, 2010) . In spite of efforts to reduce costs, hard coal production is still subsidized, leading to distortions in inter fuel competition. However, lignite production appears to be more economical than hard coal. The government rightly plans to rely increasingly on coal imports. As coal suppliers are well diversified, this will not undermine Turkish security of supply (Balat, 2006) . Turkey imports more than 16 million tons of hard coal each year, mostly from Australia, the United States, Columbia, South Africa, and Russia (Direskeneli, 2009 ).
The country's coal consumption has grown considerably since the beginning of the 1980s. It has grown almost four-fold over the past 25 years. Make analysis on trends in coal consumption of Turkey, so as to draw the trends of coal consumption of Turkey (Fig. 1) . From Figure 1 , we can clearly see that during the period of 1983-2007, Turkey's coal consumption has been growing rapidly. From the growth rate of coal consumption, since the year 1983, the country's coal consumption has an annual growth rate of 5.5%, and the average annual growth is almost 0.9 mtoe. Globally, from 1983 to 2007, it showed an annual growth rate of 2.2 % (British Petroleum, 2009) .
In 2007, the share of each fuel in total primary energy use can be broken down as follows: natural gas with 32%, oil with 31%, coal with 28%, and others 9%. The share of coal rose from 8.6 mtoe in 1983, about 24% of the total energy use, to 28.8 mtoe in 2007 (28%) (Turkish Ministry of Energy and Natural Resources, 2010). Table 3 shows the fuel mix of total energy consumption (Electricity Generation Co. Inc, 2009; International Energy Agency, 2008). As can be seen from Table 3 , Turkey's current energy mix is not likely to support the country's energy development plans. went to heating and industry (Fig. 2) (Anac, 2009) . Figure 3 shows the distribution of hard coal consumption by sector. Lignite is used mostly for electricity generation since its calorific value is low, and lignite with higher quality is used as household fuel (Yilmaz, 2008) . As of the end of 2008, installed power of lignite-based thermal power plants in country is 8110 megawatt (MW), which corresponds to 19.4% of total installed power. Contribution of coal to total installed power is 10097 MW, which corresponds to 24.1% of total installed power (Turkish Ministry of Energy and Natural Resources, 2010).
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The assessment of coal's contribution to sustainable energy development in Turkey Coal-fired and fuel oil power plants together with hydroelectricity constitute almost all electricity production with the shares 33%, 23% and 44%, respectively in 1984 (Fig.  4(A) ) (Turkish Electricity Transmission Co, 2010). As shown in Figure 4 (B), their shares decreased to 29%, 5.2% and 16.7% in 2008 (Electricity Generation Co. Inc, 2009) due to increasing use of natural gas for electric power generation. 22.7% of electricity production was met by indigenous coal in 2008. Coal supplies 24% of world primary energy, and around 58% of coal use globally is for electricity production (Balat, 2008a) . Many countries are heavily dependent on coal for electricity production, including in 2007 (World Coal Institute, 2009): South Africa (94%), Poland (93%), China (81%), Australia (86%), Israel (71%), Kazakhstan (70), India (68%), Czech Republic (62%), Morocco (57%), Greece (55%), the USA (49%) and Germany (49%). (Balat, 2009a) .
PROJECTIONS OF COAL CONSUMPTION
The share of illumination within the electricity consumption is increasing every year. Electricity demand in Turkey is growing rapidly, with the rate of increase at 8% on average for many years (Balat, 2009b; Bolukbasi et al., 2009; Kirtay, 2009 ). Business Council, 2009 ). This means that for the next 12 years, additional power generation plants must be established for an increased capacity of 54000 MW.
The coal share of energy consumed in Turkey for electricity generation is projected to be 30 and 27% in 2010 and 2020, respectively, with imported coal shares of 6 and 10% over the period, respectively (Özceylan et al., 2009) . Coal-fired generating capacity in Turkey is projected to increase by 165% from 10097 MW MW in 2008 (Turkish Ministry of Energy and Natural Resources, 2010) to 26906 MW in 2020 (Kirtay, 2009) . Two projects currently in the construction phase include a 1210 MW hard coal-fired plant being built on the southern coast of Turkey near Iskenderun, to be fueled by imported coal, and a 1440 MW lignite-fired plant (Afsin-Elbistan B plant) being built in the Afsin-Elbistan region in southern Turkey (Özceylan et al., 2009 ).
Changes in energy consumption mix
Turkey's energy consumption has grown and will continue to grow along with its economy (Balat, 2009a) . Projections to 2020 indicate that its energy demand will increase significantly. The Ministry of Energy and Natural Resources (ETKB) (Turkish Ministry of Energy and Natural Resources, 2008) has planned for a very large increase in the country's energy consumption over the next decade. Turkey's energy consumption data were collected from the ETKB (Turkish Ministry of Energy and Natural Resources, 2008). Table 5 shows the observed data between 1980 and 2020. Turkey's primary energy consumption in the long-term is projected to grow at an average rate of almost 5.9% per year, from 106 mtoe in 2007 to 222.4 mtoe in 2020.
With the quickening up of coal utilization, Turkey's coal consumption structure will undergo some changes. The coal's share will be increased from 28.0% in 2007 to 36.1% in 2020, while proportion of oil and natural gas will be reduced (Table 5 ). Turkey's energy strategy is aimed at satisfying demand without preventing economic growth. Turkey aims at full utilization of the indigenous hard coal and lignite reserves to meet the demand growth in a sustainable manner. 
ENVIRONMENTAL POLLUTION PROBLEMS
Air pollution is a major problem in Turkey, with key pollutants including sulfur dioxide (SO 2 ), suspended particulates, nitrogen oxides (NOx), and carbon dioxide (CO 2 ) (Balat et al., 2007) . SO 2 and NOx contribute to acid rain (Sun et al., 2003) . Air pollution from energy utilization in the country is due to the combustion of coal, lignite, petroleum, natural gas, wood and agricultural and animal wastes. In Turkey, the combustion of high sulfur lignites is one of the fundamental reasons for the problem with SO 2 emissions (Zahir Duz et al., 2009) . Sulfur corrosion is a problem specific for Turkey and other countries burning high-sulfur lignites (Balat, 2008b) . The major source of SO 2 emissions is the power sector, contributing more than 50% of the total emissions (Balat et al., 2007; Abusoglu and Kanoglu, 2009 ). The NO 2 emissions are lower than SO 2 emissions in Turkey, but they have likewise increased rapidly, following the growth of energy requirements (Demirbas, 2006) . Available processes for SO 2 removal from coals can be divided into two main categories: (1) removal of SO 2 during combustion and (2) removal of SO 2 from flue gases after combustion (Balat, 2007b) . Flue gas desulfurization (FGD) is a widely used post-combustion technology for controlling SO 2 emissions. Turkey is seeking admission to the EU and is trying to meet EU environmental standards. In that regard, Turkey is requiring FGD units on all newly commissioned coal power plants and is retrofitting FGD onto older units (Balat, 2006) .
From GHG emissions point of view, Turkey is not that critical, since, as stated earlier, CO 2 emissions per capita are only three-quarters of world average. Although the demand of the country increases rapidly, Turkey's contribution to global GHG emissions is considerably below the average of Annex I countries (Pehlivan and Demirbas, 2008) . Since 1990, CO 2 emissions in Turkey have grown two times as a result of its rapid economic growth, industrialization and urbanization. Total CO 2 emissions reach approximately 274 million tons in (Turkish Statistical Institute, 2009 , with a 95% increase since 1990. According to the 2006 data, CO 2 emissions occurred with the utilization of the fossil fuels to a great extent, while the rate of the fossil fuels within all CO 2 emissions was found to be 92.4% (Turkish Statistical Institute, 2007) . During the period 2000-2006, CO 2 from the electric power sector have increased faster than the other sectors due to the rapid development of fossil fuel-fired power plants. Table 6 depicts the comparison of the weight size in grams of CO 2 emissions released into the atmosphere for each kWh of electricity use between 1990 and 2010 (Karaata and Ekmekci, 2002; Sevim, 2010) . Fossil fuel-fired power plants are responsible for 33% of the country's total CO 2 emissions.
CONCLUSIONS
Turkey's energy consumption has been growing much faster than its production, making Turkey a rapidly growing energy importer. Thus, the country has to import more than 74% of the energy requirement supplied by imports to recover the gap between the consumption and demand. The share of imports is expected to increase 80% in 2030. Turkey will come face to face with a very serious energy crisis in the future because of increasing prices and procurement problems. This case clearly shows the great importance of adequately active and widespread use of domestic energy sources. Coal has the potential to make a large contribution to Turkey's sustainable and independent energy future. Coal is a major fuel source for Turkey. Turkey has approximately 10400 million tons of lignite and 1300 million tons of hard coal reserves. Lignite has the biggest share in Turkey's primary energy production at 45%. Lignite is used mostly for electricity generation since its calorific value is low, and lignite with higher quality is used as household fuel. 75.3 million tons of lignite was sold in 2008. Among them 76% went to thermal power plants, and 24% went to heating and industry. The coal share of energy consumed in Turkey for electricity generation is projected to be 30 and 27% in 2010 and 2020, respectively, with imported coal shares of 6 and 10% over the period, respectively. Karaata et al., 2002 
